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NOTES ON BASE
This map sheet is one of a series covering the entire surface of Mars at a nominal
scale 1:5,000,000 (Batson, 1973). The major source of map data was the Mariner
9 television experiment (Masursky and others, 1970).

ADOPTED FIGURE

The figure of Mars used for the computation of the map projection is an oblate
spheroid (flattening of 1/192) with an equatorial radius of 3393.4 km and a polar
radius of 3375.7 km. This is not the height datum which is defined below under

the heading “‘Contours.”’
PROJECTION

The Lambert conformal conic projection is used for this sheet with standard
parallels at 35.8° and 59.2°. A scale of 1:4,336,000 at lat 30° was chosen to
match the scale at lat 30° of the adjacent Mercater projections. Longitudes
increase to the west in accordance with usage of the International Astronomical
Union (IAU, 1970). Latitudes are areographic (de Vaucouleurs and others,
1973).

CONTROL
Planimetric control is provided by radio-tracked positions of the spacecraft and
telemetered camera pointing angles. The first meridian passes through the crater
Airy-O (latitude 5.19° S) within the crater Airy. No simple statement is possible
for the precision, but local consistency is about 10 km.

MAPPING TECHNIQUE
Selected Mariner 9 pictures were transformed to the Lambert conformal projection
and assembled in a series of mosaics at 1:5,000,000.

CONTOURS
Since Mars has no seas and hence no sea level, the datum (the 0 km contour line)
for altitudes is defined by a gravity field described by spherical harmonics of
fourth order and fourth degree (Jordan and Lorell, 1973) combined with a 6.1
millibar atmospheric pressure surface derived from radio-occultation data (Kliore
and others, 1973; Christensen, 1975; Wu, 1975).

The contour lines on most of the Mars maps (Wu, 1975) were compiled from
Earth-based radar determinations (Downs and others, 1971 ; Pettengill and others,
1971) and measurements made by Mariner 9 instrumentation, including the
ultraviolet spectrometer (Hord and others, 1974), infrared interferometer spectro-
meter (Conrath and others, 1973), and stereoscopic Mariner 9 television pictures
(Wu and others, 1973).

Formal analysis of the accuracy of topographic elevation information has not
been made. The estimated vertical accuracy of each source of data indicates a
probable error of 1-2 km.

NOMENCLATURE
All names on this sheet are approved by the International Astronomical Union
(IAU, 1974).

MC-6: Abbreviation for Mars Chart 6.
M 5M 48/270 G: Abbreviation for Mars 1:5,000,000 series; center of sheet,
48° N latitude, 270° longitude; geologic map, G.
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CORRELATION OF MAP UNITS

DESCRIPTION OF MAP UNITS

ALBEDO UNITS (SURFICIAL)

A. Low-albedo areas (no apparent orientation)
continue across geologic boundaries and struc-
tures without necessarily obscuring them.
Preferentially associated with positive land
forms, such as raised crater rims and central
peaks. Interpretation: Eolian materials

B. As above, but in the form of multiple par-
allel markings (arrow shows trend of strips).
Interpretation:  As above, but markings are
parallel to wind direction

CRATER MATERIALS

Material of craters with wide rims—Crater rims
wide compared to crater diameter. Outer
margin commonly marked by outward facing
scarp; B-frames show radial and concentric
lineaments on rim. [Interpretation: Fresh
impact craters. Bounding scarp may be result
of wind erosion. Typelocality: DAS 8695024,
lat 38°.9 N, long 261° W

Material with narrow rims—Crater rim material
narrow compared to crater diameter. Inter-
pretation: Older impact craters whose rims
have either been removed by erosion or par-
tially buried. Type locality: DAS 8335154,
lat 42°.5 N, long 297° W

Central peak material-Rounded hills in the
middle of the larger c, craters. Height of hill
similar to height of crater rim. Interpretation:
Bedrock below the impact crater thrown up
by dynamic rebound during the: cratering
event

Crater floor material —-Relatively smooth mate-
rial, partially filling c craters. /nterpretation:
Material younger than the crater emclosing it,
possibly eolian material, may be equivalent
to unit p

Crater rim material —Rugged hills forming rim
of ¢, craters. [Interpretation. Ejecta and
bedrock uplifted by impact processes

PLAINS MATERIAL-Lowland plains, smooth

at A-frame resolution. Crater density mod-
erate and variable, most craters have well-
developed raised rims. At B-frame resolution
surface texture is variable and includes
smooth, ridged, grooved and furrowed terrain.
Embays units h, pl and possibly pcm. Inter-
pretation: Possibly fine-grained eolian mate-
rial deposited in a lowland region. May also
include volcanic materials. Present surface
has been modified by eolian processes. Type
locality: DAS 8551174, lat 43° N, long
265° W

VARIEGATED PLAINS MATERIAL-Smooth

plains with variegated albedo pattern at
A-frame resolution. At B-frame resolution,
small hills, ridges and scarps. Boundary with
unit p not well defined. /nterpretation: May
be older than unit p or similar in age; may be
younger than unit h. Possibly volcanic. Type
locality:  DAS 08479004, lat 37° N, long
283° W

HUMMOCKY MATERIAL-Small, closely spaced,

rounded hills of low relief with intervening
areas of rolling terrain. Crater frequency low.
Hills average about one-fourth size of knobs
in unit k. /Interpretation: Product of degra-
dation of units k and pl; consists of unconsol-
idated debris forming talus and fill overlying
the pediment in front of erosional margin of
units k and pl. Possibly interfingered with
unit p. Type locality. DAS 83350144, lat
35° N, long 295° W

PLATEAU MATERIAL-Smooth cratered plains

at A-frame resolution; at B-frame resolution,
etched or chaotic. Many large shallow craters
without raised rims, some highly subdued but
characterized by concentric and radial fracture
patterns. Craters may be up to 100 km across.
Entire unit fractured near northern margin,
strike of fractures predominantly east-west,
and overlapped by unit h. [Interpretation:
Origin and lithology of materials unknown,
may be poorly consolidated eolian materials
and volcanic rocks. Subdued craters probably
excavated in underlying unit and buried by
unit pl. Type locality: DAS 8406834, ]at
30° N, long 295° W

CRATERED PLAINS MATERIAL -MOTTLED —

Plains of moderate relief; on B-frame seem to
have surface of closely spaced small hills or a
reticulate albedo pattern. Moderately cratered.
Linear structure trending north-south. Albedo
highly variable, giving mottled appearance.
Interpretation: Origin and lithology un-
known. May be eolian, but this region corre-
sponds to that covered by north polar frost in
the winter; may be result of surface texture
produced by frost heaving or other frost
phenomena. Age relations with uniits k and pl
unknown. Type locality: DAS 11800011,
lat 56° N, long 269° W

KNOBBY MATERIAL—Relatively large (average

15 km across), rounded, mountain blocks of
high relief, both discrete and in clusters.
Surfaces of knobs smooth at B-frame resolu-
tion. Craters not seen at A-frame resolution.
Some knobs occur within outcrop area of pl
material, forming mountains above the plains.
Interpretation. Remnants of irregular topo-
graphy exhumed from below unit pl. Al-
ternatively, may be more resistant facies of
plateau material forming outlying remnants
of plateau, or igneous bodies cutting through
plateau material. Type locality: DAS 8335014,
lat 38° N, long 296° W

Contact

111 Scarps—Linear to winding scarps. Interpretation:

Possibly faults

——e—— Trenches—Linear, roughly parallel-sided troughs.

Interpretation:
etched fractures

Tectonic graben or wind-

Channels—Sinuous depressions which widen in an

apparent downslope direction; some have short
side-channels. Occur on pl and pcm. [Inter-
pretation: Possibly fluvial channels

Rimless depressions—Irregular-shaped depressions

with no rims at A-camera resolution. /Inter-
pretation:  Collapse depressions or wind de-
flation pits
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GEOLOGIC SUMMARY

INTRODUCTION
Geologic units of the martian surface are subdivided on the basis of surface morphology,
albedo, and crater distribution and are placed in a stratigraphic sequence following prin-
ciples of superposition, crosscutting relations, and, to a degree, crater density.

PHYSIOGRAPHIC SETTING

The Casius quadrangle (30° N to 65° N lat; 240° W to 300° W long) is one of the northern
tier of Lambert conformal sheets of the Mars Atlas. It consists of four distinctive physio-
graphic regions: 1) part of the northern cratered plain which forms an incomplete annulus
around the north polar region, 2) smooth lowland plains of Utopia Planitia across the
central and southeastern part of the map, 3) mountainous terrain, in the Nilosyrtis Mensae
region south of the lowland plains, consisting of distinct mountains with hummocky
surfaces, and 4) cratered plateau in the southwest part of the map, forming the northern
part of a large complex cratered region in the mid-latitudes of Mars. In the Casius quad-
rangle, the cratered plateau is broken by a set of linear to curved parallel-sided canyons on
its northern margin.

STRATIGRAPHY
Eight major geologic units (some of which are subdivided) are defined in the Casius quad-
rangle: 1) knobby material, 2) plateau material, 3) mottled cratered plains material, 4)
hummocky material, 5) plains material, 6) variegated plains material, 7) crater material,
and 8) surficial material.

Knobby material

At and near the main erosional scarp of the plateau materials, rounded mountain blocks
form isolated peaks or clusters of peaks. They occur mainly north of the erosional frontal
scarp of plateau material, in an area of mesalike erosional remnants of plateau material.
Three possible interpretations of this unit are: 1) the knobs are material of a distinct strati-
graphic unit, below the unit forming the plateau surface and have a deeply dissected upper
surface that was exhumed to form knobs as the scarp retreated; 2) the mountains are a
resistant lithologic facies of the plateau material, and differential erosion has produced the
mountains; 3) the knobs represent erosional remnants of intrusive or extrusive bodies.

The possibility of a fourth interpretation, that the knobs consist of the same material as
the surrounding plateau material and are remnants of mesas that have lost their flat tops,
cannot be completely discounted; however, evidence that they are of different lithology
from the plateau material is provided by the presence of knobby material forming moun-
tains which rise above the plateau surface within the outcrop of plateau material. This
would suggest that knobby material is more resistent to martian erosion than the plateau
material. On this assumption the three possible interpretations listed above can be con-
sidered. That knobby material is stratigraphically below the plateau material is suggested in
other areas of Mars, for example, on the west side of the Phlegra Montes, where degraded
craters have knobby rims. Thus knobs in the Casius Quadrangle may represent material
of the cratered terrain under-lying plateau material. Alternatively, knobby material may
be a more resistent lithologic facies within plateau material and may, for example, be
igneous rocks of volcanic centers emplaced within the plateau material pile. That knobs
are post-plateau extrusive bodies appears unlikely but cannot be completely ruled out.

Plateau material

This unit forms a plateau in the southwest corner of the map area and is part of an exten-
sive unit in the martian equatorial region. It appears to overlie a densely cratered surface
and the forms of large (as much as 100 km) craters buried by plateau material can be
recognized as subcircular depressions. Towards its northern margin, this unit is cut by a
system of linear trenches, interpreted as graben, which generally trend about west-north-
west. Some form patterns radial and concentric to buried craters. It is likely that these
linear trenches have been enlarged by erosion and an alternative explanation is that they
represent differential erosion along frature rather than simple graben. The northern margin
of the plateau material appears to be an erosional scarp with mesalike outliers of the same
material.

Mottled cratered plains material

This unit, defined by Soderblom, Malin, Cutts, and Murray, (1973), occurs in the northern
part of the sheet. It has a relatively high frequency of craters smaller than about 20 km and
is characterized by its mottled surface at Mariner 9 A-camera resolution (~3 km). The
mottled pattern apparently results from the higher albedo of material on the outer rims
and, to a lesser degree, the interior of craters against a background of relatively dark
material. In general, the mottled cratered plains material is one of the darkest units on
Mars and is one of the few units that is characterized by its albedo (Soderblom and others,
1973).

At B-camera resolution (~300 m) the unit is highly variable and includes flat, featureless
plains, hummocky surfaces, and reticulated patterns of linear features which subdivide the
surface into a network of about 5 km sections. Large craters are generally subdued and lack
central peaks. Some small craters (~5 km) have sharp rim crests but show no other crater
structures.

The origin of the mottled cratered plains material is unknown; however, this area is
covered by frost during the martian winter months, and it is possible that surface features
such as the reticulate patterns result from processes such as frost heaving. The age relations
between this unit and the plateau material to the south are not apparent on this quadrangle
as the two outcrops are separated by a depression filled with younger plains units.

Hummocky material

This unit lies in front of the cratered plains scarp; it surrounds knobby material and
appears to embay the erosional scarp of the plateau material to the south. Hummocky
material is characterized by its small, closely spaced, rounded hills of low relief. Its dis-
tribution and topographic form as seen on B-frames suggest that the unit is a mantle of
erosional debris derived from scarp retreat of the plateau material and mass-wasted debris of
knobby material overlying an irregular surface.

Plains material

This unit occupies an east-west lowland belt, known as Utopia Planitia, between the
plateau and knobby materials to the south and the mottled cratered plains to the north.
These plains are characterized by a nearly featureless surface at A-frame resolution and a
relative lack of large craters. At B-camera resolution, the unit is variable and includes
moderately hummocky terrain, small sharply defined hills (1-5 km across), finely furrowed
terrain, and smooth featureless terrain. In some regions, particularly in the southeast of the
map area, small (up to 10 km) sharp rimmed craters are present. The unit is interpreted as
eolian material that may have been derived, at least in part, from the erosion of the plateau
unit to the south. It is likely that at least some of the unit is contemporary with hummocky
material, which may have continued to form by mass wasting as the plains materials were
being emplaced.

Variegated plains material

Like the mottled cratered plains, this unit is characterized by streaky albedo markings.
Otherwise, at A-frame resolution, it is almost featureless. At B-frame resolution, it is
less smooth and is traversed by occasional ridges similar to lunar mare ridges. The boundary
of this unit with the plains material is poorly defined. The presence of mare-ridge-like
features at B-frame resolution may indicate that this is a unit of extensive lava sheets.

Crater material

Three crater morphologies are identified on the map: a) relatively fresh craters with wide
rims, b) craters with well-defined narrow rims, and c) craters with little or no raised rim.

The rims of the wide-rim craters extend 0.5 to 2 times the crater diameter from crater
edge and are typically hummocky with furrows that radiate from the crater. Around some
craters, especially on the lowland plains, the outer margin of the ejecta appears to be
marked by a scarp. The scarps may be the result of eolian erosive processes and may reflect
the height of effective wind erosion across the lowland plains. In addition, the comparatively
blocky ejecta surrounding the crater may serve to “‘armor plate” the surface, protecting it
from wind erosion and leaving it standing at a higher level than the surrounding plains.

The outer flanks of narrow-rim craters have either been worn away or are buried. Some
have a small central peak. All crater interiors appear to be partly filled with relatively
smooth material that may be equivalent to plains material elsewhere.

The rimless craters consist of large (up to 100 km diameter), flat-floored circular de-
pressions interpreted as buried craters, expressed at the surface by differential erosion and
tectonic activity controlled by the outline of the crater. These craters occur mainly in the
southwest part of the quadrangle but may also be present within the outcrop area of the
mottled plains material.

Differences in the form of craters from their original morphology result from a) erosion
and b) partial burial by later rock units. On the Moon it is possible to determine an erosion
chronology for impact craters of different sizes on the basis of their gross morphology and
the surface texture of floor and rim units (Pohn and Offield, 1970). This is possible because
photographic coverage usually provides sufficient resolution to distinguish erosion from
burial. Erosion results in progressive smoothing of surfaces and lowering of slopes. How-
ever, the exposed remnants of buried craters may still have a fresh appearance despite gross
differences in crater form caused by burial. On Mars the resolution of Mariner 9 images is
not usually sufficient to make these distinctions. On the Moon, impact is the major
erosional force, and burial may occur either from engulfment by lavas or from covering by
ejecta of adjacent impact craters. On Mars, wind erosion and deposition are added to these
processes. Although erosion by impact is uniform on a planetwide scale, as on the Moon,
the rate of eolian erosion varies locally, depending on climate, topography, and availability
of source material. Craters may also be exhumed by erosion, becoming progressively fresher
in appearance as the overlying materials are removed.

Thus, on Mars generally, and in the Casius quadrangle in particular, it is difficult to relate
differences in gross morphology of craters to their relative ages, except where they occur
close together within one rock unit. The narrow-rim craters are probably eroded versions of
the wide-rim craters. These crater morphologies represent different degrees of erosion,
burial, or exhumation and may have formed in different parts of Mars at different times.
Rimless craters may be the same age or older than those mapped as narrow-rim craters.

Surficial material

Most regions of the map area have low-albedo patches that cross geologic boundaries and
structures without necessarily obscuring them. These markings are interpreted to be the
result of eolian activity. Differences in albedo may result from either deposition of particles
on the surface or winnowing of an existing surface to change its texture. Markings are
generally associated with topographic features and are prevalent on the mottled cratered
plains, the plains, and variegated plains. Two types of surficial material are recognized: a)
those that form irregular dark patches and b) those that form dark areas characterized by
surface lineaments, probably parallel to wind directions.

Several sinuous depressions occur on the Casius quadrangle in the plateau deposits of the
southwest. The depressions widen in an apparent downslope direction, and some have short
side channels. The channels may be of fluvial origin and contain sedimentary deposits, al-
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The main structural elements occur in the southwest corner of the quadrangle. They
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depressions are oriented approximately perpendicular to the main direction and trend north-
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Schematic cross sections showing three possible relations of
knobby material (k) to other units in the area.

1. S

Knobby material is pre-plateau mate-
rial that is being exhumed.

2. Knobby material is resistent facies of
plateau material.

material. The age of the faulting is interpreted as post-plateau material and pre-hummocky
material because the outcrop of the hummocky material crosscuts the depressions.

GEOLOGIC AND HISTORICAL SUMMARY

The surface of Mars is divided approximately into two halves separated by a great circle
that is oblique to the equator. The south half of the planet consists mostly of old and
densely cratered terrain, whereas the north half has more extensive plains units and
volcanoes superimposed on older cratered terrain. The northern polar cap retreats and
advances with the seasons, and the maximum extent of the frost from the northern cap lies
in the northern part of the Casius quadrangle.

The boundary between the two geologically different hemispheres of Mars runs through
the southwestern area of the Casius quadrangle. The densely cratered surface of the
southern hemisphere is represented by a cratered unit beneath the plateau material; the
remains of this cratered unit may make up the knobby material. The densely cratered
surface is considered to reflect the period of intense bombardment in the early history of
the planet. This was followed by a period during which the cratered surface was covered by
a thick blanket of plains-forming material, here termed plateau material, possibly of eolian
and/or volcanic origin. It is possible that part of the plateau was then downwarped or down
faulted to the north below the Utopia Planitia. At this time faulting occurred along the
present northern boundary of the plateau material, giving the present grabenlike
depressions. Erosion of plateau material resulted in scarp retreat from the north toward the
south, leaving behind a debris of hummocky material. This in turn was covered by plains
material of Utopia Planitia.

The relative age of the mottled cratered plains material and the variegated plains material
is unknown except that they are older than the plains material of Utopia Planitia. It is
likely that the surface of the plains is still being modified by eolian processes and that the
dark streaks and patches probably represent freshly modified surfaces. Variations in crater
density over the surface of the plains suggest that craters are being buried.
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Index No DAS No Index No DAS No. Index No DAS No Index No DAS No p
1 11446129 15 8479144 7 11446164 17 7219938 C
2 11622905 16 8479004 2 8407424 18 8551204 C3
3 11800006 17 8551034 3 11622940 19 8695194
4 11622420 18 8622989 4 8551484 20 8767014
5 11799591 19 8695024 9882184 21 8695054
6 11976589 20 8766984 5 9882254 22 8623024
7 11622560 21 8406829 6 11800041 23 8551064
8 8335149 22 9953829 7 8695404 24 8479034
9 8407114 23 8550894 8 11799761 25 8407004
10 8551174 24 8622849 9 8551414 26 8335044
hif] 8695164 25 8694884 10 11799621 27 8406864
12 8767124 26 8766844 11 11622590 28 8478894 3 Knobby material is igneous
13 8335014 27 8838804 12 8407354 29 8550924
14 8406974 13 11622450 30 8622884
14 8335184 31 8694914
15; 8407144 32 8766874
16 8479174
300 30
30 260

INDEX TO MARINER 9 PICTURES
The mosaic used to control the positioning of features on this map was made with the
Mariner 9 A-camera pictures outlined above, identified by vertical numbers. Also shown
(by solid black rectangles) are the high-resolution B-camera pictures, identified by italic
numbers. The DAS numbers may differ slightly (usually by 5) among various versions of
the same picture.
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